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(54) MEDICAL IMPLANT SEGMENT MADE OF BIOCOMPATIBLE AND LOW MODULUS TITANIUM ALLOY 

(57)Abstract 

PURPOSE To provide a medical implantable segment which does not discharge any toxic ion or potential toxic ion 
caused by a corrosive action of body fluids, and which is excellent in biocompatibility after implanted into a living body 
by co mpo sing the segment of titanium, niofium and zirconium, and a composition having a specified flexible modulus. 
CONSTITUTION: This medical implantable segment is made of a highly intensified and lower modulus alloy consisting of 
titanium niobium and zirconium processed by a hot-working. The content of the niobium is approximately 1 0-20% wt r 
25-50% wt, and that of the zirconium to be approximately 0-20% wt for minimizing the modulus smaller than 
approximately 90 Gpa. From this alloy, an implantable segment is obtained capable of transplanting into a blood vessel 
of th heart such as a heart value or artificial heart and the like is obtained. This alloy is substantially of β-phas , 
and has an intensity of more than 620 MPa, and the medical implantable segment has a part of outside surface 
protective coating selected from a group consisting of oxides, nitrides, carbides and carbon nitride. 
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RON v ^yx^+^teiCJfflk©^^^^ 
7,^4 *©«^©ffi^**?»^lSStli. 
[00 2 0]^-t-. JfflMl^iS, 'J-F*J<fcC«fi© 
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|sMH©4^ifiLlr<Z>&*i>T-«. Ni-Co-Cr C o 
-C r -MoM, ?{i-')AiTi-6Al-4V© 

SDACRON (iS&) *^>U*^*ft:«te©:J<y v 
«. ^'jv-tKISn&Co -N i $W«f>U^ 
[0 0 2 1 ] 4>WF. AI-C«, fiSjgES. **-"!*■-. 

sfcs^rastt. agjfo. ( ha>#y>s) ©j&fi£-c& 

*. ^^£©fel£1£&S«T U2L (£*:<' 

[0022] msfa j p#wtmktt<D'> -»A«*wctt. 

mM<OB&&flt>ti2>. Cti6©^ojfl^«. sis© 
/NcTSCt. fcitf— ;fr©i£fiW$®£&'Ncf £C 
fl^te£tf>kJfo^teffl©^#-H&M&c®jfiL (jfiitt) 

[002 3 ] Jfc?g^t4©^K<fcorS^£ft&^tt 
©8HJEB<k. jf^©S®{t!&^14©^*fciS3n£ia:ir© 

vjx**ii®rs±t?&»T»£ui»fr6-c $>•*>. -e 

[0024] m i> -Mwum&v&mm) -rv a >«. 
st. ^^w&mmz^ A^t-mcmt (-mm) r 

[0025] * fcgij©— ffiW^Bg^B. saafwajgH 1 
Btt^-^AOStt^t^^rtW^M^Sfefc 

*-^f ^^t?*5. Medtr6nic-Han#-C*-5.„ 
H(C. D— flaKjrB^l^lfWVr*^*!. Omnisc 

fiswspstt^i i/t*-©^fi?ttf^ ***** -5. 

[0026] Starr-CdwardssP-JUfc J: CX-ir- 

i^ai**. Chtt. =mjU r -^PA^^r-i^tC 
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[0027] Et^tt©t&£*>fc . ffi r o >^<y>©^ 

ft. 7 t>^^fc<fcC/fe^^©*-C^ 
ji#J"C , &£„ £ £k:gjfi©'l>J8#'t?£>£Baniah Bileafl 
etti. St. Jude©^^ ><fcg<ftT£#. ^jUn^^A 
£Jg*>6J&J?X3ft8 0g$"C&16<. C^XH-CtS. C 
©^F»Ctiar©iC5. -^RfltC-f >FT#J2 0 0tt 

10 o&micte^-cmmicmmLxt.**. c©^«, 

3-^A©<St,^tt*^^-7^ (ft90GPa) <t. r 

SH-f- (contact stress severity factor) (C cifa 
0. 28 x 1 0-'m) «:*-511SeH^So JE*fiC. jfc 

ftfflmmz. too. 5 4x10-' moxsmmigm* 
coo28] isfoa-vMttB zmmicmi-ia&m 

20 tct±, t^j^itowy^nti^ci, afflicts 
-*-) *35*Hca.#Tsc£. 4B«tcTFSiJ©®:tt©# 

-^AK-ffce^qFtStt^ -y A-Afi r n>^-y>tcWU-CJfll 

<jypu< tt>2 -5©is^s#. m^ssimm'^ttm'b 

Afc Z - A^£«|5M!©iM|g£:fr U . Co-C 
r-Mo. -Xf^U^tJjrtfC o-N i^tt?6tc 
«l > * 9 x £ -5. 

[0029] &jR^K^f«ai:©^*i£»frc*.5. BP*^ 
^il^R^Fti. ®jfllte«tcJ c *;l'i"?A^-Jr-JU (calcif 
led seal e) D & (, > «fc ^ HjSfi^^-T -5 C <!: . m 

40 ISSSiE^Sg^tcfil^tt*^*-?^©^©*^^^ 
£. Ktt*lS«>?»fc»K:g![)fffl%S^«:*fLTWtt©*.5 > 
*® Z&m? -5 C £ tc £'© *{C43I,>-Cr* -5. 

[0030] >i>BSj?itt-e-©^< **se*©Ji-«Wr6S* tc 

4. MM>S.a*©ti^tC«!:oTttUtfL«. <C«gffl*l 

[003 1 ] fi^P. rmffJCCSgffipJtBTSSiffJtClBHj-r 
^^AX^BK (TAHs) ©W52*s<fcC^«*i& 
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[0 03 2] TAHs<Dm§tm»<-?ti«Dffl&*:mS§L 

^PIS-r-SfcAKt h©4>Jl©Sa&£2tefCT£<&ga5 

-5. jfil««#-»-h>^fi£{*t?*0. tefi^©-?-© 

[0 03 3] jfii&«, AI#Kj§6*.6ft*§ 

*».l>fiIi«*#U ^©/c&^jfrIS£®g|-*-*. S£o 

[0034] ±ffi©iE«©«£A£*tt'C,^?*S&§SS (VA 

ds) Ki^ffl-rts. c©^a©— -otca^fxn-nm 

6. vADtt±»w«cAxi>«tiai«o«*-caia'ia^ 
[oo3 5] c©fc«. xtttt..wrc. ttNtttflgKtc 

[0036] C©»W©BW«v 
[0037] 

[pS£#?&T£fc«>©#^] C©SBfl«. i*?£©lg£ 

m&g^-rs. st<*a^tt©&sisgtffl^wtr 

C©^ttm*> (i)^*--i7A. (ii)ftl 
0-20wt%©i^, i£tt#>3 5~5 0wt%©^- 
( i i i ) ffigtttt. #>2 0wt%$t©i?Jl-3 

&9 0GPaJ:9/h;*l>JS14*S^5*€:*U £fc(*9 
Ktt»W«:«IL;te«. #«©!S:6mtiK:J:9. £#F*9 

[0038] £©&fpj». ffera»nx{c<fcoT. ^^-o 
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7X©^^?,fra!i3tx£. Sf8l©EgUB&«tt-£ffi« 

TZtcib. **-£Ati. &tb<\Z#}l 0-2 Owt 
%©-*^lS;«3 5~5 Ow t %©x :*:/#> i=>^£Ktb 
JfeK-Ctt^e^C*. i^o-z^Att. ffig©flfc£g& 

10 -c, »*L<{3:i^o~2 0wt%©a'cffa-r£. c© 
%©y^3r.^ASufif^i 3wt%o-*^e>&4o 

[00 3 9] ^Sffl^ttK-iC^fflSiKioT^-rS 

©». «*.«. xm&omjmm* m#©»sp©«^ 
^6^-s.®?Kgpt?*s*i. ^«c^i»-r.5©«^iajfii'g 

20 ffiSSfflf?SMat;-e*>£. 

[0040] c oy&Wte. f & - A. :/&.t>'ffig 

Jtaf£®-&te©*&£!H^*>6&6. 'iMB^U:/, AI 
4M. <C>£?ilttBB. *ffl«ll&*&. ^-V- (pacer), 
MSiy-KHl. -fe>^-. if^W. *^>k Ktf* 

WtKi^tljSti, Cti6©KS©*ESI[b0fc^ 
30 ©?r»§t-r-2.. 

[004 1 ] Ti-Nb-Z r.^Ol«4itya ^ 

xtt. ^tew&vi&mc&oxms o o^~*«j 1 2 0 

07JPS iT*«3. ^JKlfil'gtCffiffl-rS^ *9fig©Bl» 

5. . . 

' [0 04 2] C©^W«s Eaffl^!lift§ n D n ^3:ffl«J» 
g. mtf^fSPESEffl^M (EMHs), ^4AK'E 
40 (TAH s ) RZf&mffl&SiS: ( VAD s ) K^l^fl 

r. m^tt©«^. wmmmtz. «b^^« 

[0 04 3] ^©Jlllg^fflK-i fCffl^P.tl5C©aW 
©»*l/l><g-*^»?**£-£A££t;t. 
•C ( i ) ^5f--?A. 0~2 0wt%©-:t7\ ff 
.S{C(*^0-2 OWtW^ai-JA. ( i i ) 
i-^A. ift3 5~5 0wt%©-*^ £S«:tt:tfjO~ 
50 20wt%©S?JL-=i-'5A*Wr5. *>i»;U 
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». Hb<DttmS 1 tUXn&.-?2>CtMX*Z. C©£ 
£tJ. £>£jK>S#&UTfc. CC-eW TT i - Nb- 
Zr^J tVf&. 

[0 04 4] ^*~9A. SMl/3^A. -^T^li* 

>*;i4;W©g&*l&< cite .tor. *ne>n 

coo4 5] frnfttcisfr^-v j*&&&.i>u\,*m£K. 
mm • ^ffimim&wnfrtizw. t i -n b 

-Zb^cD«ffiS^^*HtcBg5c5n€.. t£oT. £ 

■f. -Tfefc^. **J*.vX*mB 5GPa«T«c«^F-S" 
H@WtC«'<-3?tB-C*.»5> 6 2 0MPa 
[0 0 4 6 ] £*LS©=i— ?w Witf^^Xv* 
(T i -Nb-Zb-&££^i£?) tr-Xgc«7-f 

»*»iiS-r*«©. iSi®©tt#t££fa±;*-e-2>. e©<fc 

ttS etcWtP^t ^0. Etc, f^MOT^IK^S 

T i - N b - Z b-&^©1$tt(i^pJiSW-C*S. 
[0 04 7] C<D&W<D&&&> «taf(8 <<3 
-transus)©SS*r-gc{i/3^ h 5->-y-^J^T©**J 1 0 
O'Crt-CflQ&U MtoXU J&te-rSfKUHMlX-CStffc 

<te. C©»Jt££2~8B$fffl, Sfc»*L/<»5 0 0*C 
■C6KSfHff^. C©*ftJi£X*I«. m&lJ>*>'XmK : ?>zf 
-7 (ramp-up)TS (#J0. 5^1 O&if&XVibO 

C©0. 5~10^ratC« 

*4©^JHI#y£*fT5. 

to 04 8 ] ja>v$)i 5#~2 omw. »£i/<«. 
6 u$ra£g isX^-z h5 «T©ana&i&&T?ti 

II/. JKySLfc. C©^©^4»-^A^ 

«. fii*tt*i?*7X (60-90GPa) £WU 
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700MPa. S?*L<te#j8 0 0MPa£<g;l.2>3l® 
[0 04 9] M«C. C©^^©^fflK-€r. ?&^©^if 

s. mm*. &&icg.m ■ mmiufik. num<t. mtm 

©I5«S«. «#tt©|3]ISraj£ffl®l*@Jil832,735-*t (199 

2^2^ 7 Htb®) (tg^ustis. commitccv 

10 (ifie*^^©cfC^^0Tl»5. ^M^bM 
.«S-r-S«^«:iei;A:^fM©»ttK:fPSL.<c<-Ctt 

§&£&%.IZUc*). ^©affi?r^*-r-5-e©^©[5]6 

^©i»^*?f ^ ^%«c. «ffi^b©.fill#5fc*>ft£. m 
k\ ^Biig-fbitr«:SiS*i#-rfcit>*px 

[0050] mmm&MKZttm-rztcitxD. jgtrajjnx 

[005 1 ] ^^-OA. t?Jl/3-"?A. 

>^;i/jy^©S^*^<c<!;«:J:-5r. »i6tiri,^# 
?m<to&. X«S»iP B 1©ra«:§^. afpffl* 

a. mt>tixmmmz. ^^0^0. c©j:s 

[0052] C ©^^©SSE«^ffiK-«. . £JS^£©S 
SS-C*^. K, Sf, ^SRSC/^^fbigJ <ca 

rboni trides) A> 6% 5 ifi^^t" bMViZ tl Z>'P*& < i 
fc-SP©?f^ffi«S=J— ^ >y*>6J5r5. Htc. c© 
EJSffl^a^tH. ^ffl>t©^®©^tt< ifcr-gpjc^ 

40 [0053] ^bl/fcEjgffl#ffiK-£i?3g-r ^ 

n^«r. «ffiK-©^ffiTrrtgpw«:g?<b. mtmt 
^■es. s/c ^jte^aw*. .£#©*(*>fflfiS{c^ffl 
<*fts. ifiivgt©3S^^iaf*/c*iia^vuy©ti®*?: 

(a) (i)*£>±. ( i i ) ifil 0wt%~20w 
t%$-C©-^^*4C»«. »3 5wt^«l5 0wt 
( i i i ) tE&JCfct. #J2 0wt%*"C 

50 fri. 
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(b) l/Ttt< C <!:*<-<?#. 

(c) /<7U:7"#flstciai3*i, itfiSjMSEiWai^gSr^rt' 

[o o 5 4 ] ESffl^i^. .m^cc^fflsnfc 

fft^S-C*r>T.. ^<D55tft.^, mzmift^Z (a) 

(b) *-Jl Ow t%~ift20w t%0>=-*7 10 
3 5 w t %~#J 5 0 w t %©^-* ^"i . 
(c)ttS«C«, £j2 Ow t^g-COi^l^-^AS:^ 

tf^^rsijssnfc. iti3cJi2iaiE©E&ffl#ffl)t-£ffi 

[0055] mmm^Wxifi. &g<Dim<D£B.tc®m 
•r&^Ai^Kiiga^ftD. .m^tctefflf & 

554:^. *<D&MSmifi. (a) ^^^i ( b ) 8) 1 
0wt%-|)2 0 w t*«©— *:7**&<,>«tt3 5 tft% 
-Hft50w t^©-*^. (c)ftlfcB, ^2 01* 20 
t % £ T©^ 3 - 9 A <t ^£T?S35§ S *xfc«ESE 
gJ&£ft{Il<-Cft* ; l«^2iBtS©E«ffl^fflK-«:IS 

[0056] mmm®MK&. mmmm^mic^ 

«JjHB«#. (a) mist. (b) iftl Ow t%~to 
2 0 w t%<D~*7'ib2>Mtfc)3 5w t?-6~#j5 Owt 
(c) ffjgCCCi. ftj2 0wt%*-C©i> 
jU:a-^A%#t^£-r?§!i;£;**rCft&. fS*^2ietS 30 

[0057] mmm^mnifi. ^icmxLx^-^m 

F • "7 -fir'-**. 

(a ) £#&-5W**77— -r-JUtCJf AT£fc#>©jH£tiiS 

*. fflg< *POl5Jjg&©&-5:tf -f F • "7 

(b) ( i ) ( i i Vfti-OwtX— »20 
wt%©~*:/ife-5> 3 5wt%-Hfr5 Owt%© 
-sl-^i. (i i i ) fflKtt. fi2 0wt%Jt©y 40 
)\,-t=.OJ»t*'£tS'£&&hti;*) ; ifflgl»#-f F • "7-f 
ir-*:(*©S^#«:?9 r rtSPKEia 3 ftfc*fflSC >ti -i 

F • 7-ft-©37t4StJ. 1*5*91 2 fe$g©ESUBf£ 

[0058] lfiu& Rll 

gm©§8#rtlM{Ctf ftft#6ftl>J: 3CC3m*SB*5B 
nJtfeft;*f >h-C&o-C. b>TIB©^7">F**. ( i ) 9- 
*><t. < i i ) £>1 Owt«-fi2 0wt%©-t7" 
*4l,»«*5j35wt%~|i«)50wt%©-*^<!:; (i 

i i ) ffigiCtt. #J2 Ow t%$-C©i7JU3-'f A«r^ 50 
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tr£&T?&fiLZ ft. ££©¥&7j faM-T^cfi**-* x&m 
nJte^llSWKlRlgt^©^-?-^ h ©#f**fcft») . X? 
> F ©;$##. ^.«J1-©t^-CSfg{C^S%»A$n-5 

fc<A$St*D. *^:>h©##**. 

H^tcisj* 1 -9 ri^i-r s^e*swsf£id6©ii3a?L«r* 

l/Cft£. it^2IElS©ISISffl^lK- : &fil«-r2.. 
[0059] EJiffi^tfiK-**. £{*©*t. SWi©^ 

**. 

(a) ( i i ) #U 0wt%-fi2 0 

wtW^7"fe6^B. ^3 5wt°/o~ifi5 0wt% 
( i i i ) ffitCCtt. ift2 0w t%tV<D 

[0060] EgyB&ttK-**. ^©Bt/s^WiiL-r. 

***SS&lfl*Mi>t*>6ft»). *£«>***, 
(a) (i) ?$>t. (i i)filOw-tX^B20 
wt^W-^-T'fe^titi. SSJ3 5 wt%~$\>5 0 wt% 

©^^-T-i. ( i i i ) ffi&tcw. mm.mn*fcm-?z> 

m 2 0 w t % * -C©^U3 ^. >i? A i fr^tf^* 1 

^ffl>r*tt**. - i S#K:J¥A-r€.fca)©^l©^<!:. 
©ngptC5?aiT-2>m2©K<!:?rWOrft^. M4tH2<e 
^©BRffl^fflK-^ffi^-r -S. 
[006 1 ] Eii^iK'^, $ ^WftS^R 

W©tS«^C'lt*> 6 U 0 . senses . ( a ) 5=- ^ > 
t. ( b ) « 1 0 w t %-if*)2 0 w t %©-^7 , $>5l> 
|«!)35wt%~ji!)50wt%(D^7'i l (c)ttjg 
«:«. ^J2 0 w t%*-C©^3--?A<t*^tf&^© 
^R£S^=&^tf. lf3}<^2fBig©Eeffl^ffl>|-?rffi«t: 

[0062] mStm^W^ifi. S 6tC. figsB^flg?:^ 

[0063] ESeffl^fflK-**. if Att**[SJ±^^. ®« 
tt***D. jflife^sSly«:< < l,. ifaffl[ilS*aft***S 
jfa«^ffi>t-c*o-c. SfrlEjiit^fflR**. (a) 
<b. (b) #)1 0wt%-«J2 0wt%©-*^*-5l^ 
|JiB3 5wt%'^5 0Wt%(Di*'7'i. ( c ) ffiS 
Ktt. *«J2 Ow t^rWi^a^Ai^tf^A* 
e»ftO. l?i2lfiLe^ffl)t«:«. |^*0/!:]fli«tc|S(om 
toS A* 3 ©gii?l£ # t -Cft * . f8#£ 2 iB4E©B8E 
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[ 0 0 6 4 J IriMMHSSt*. 5wt%Jt»£#j2 
Ow t%©S?JW3-9A£#i?£fI^3::fo£&&. U 

g©j*«E*. kssmbml asawt. wmm. ft 

K2>if)\,- ifr h jit* bfcistc «t -3 tris^ i> tcmmn 

-^©ag^t? (5£»-<-# h7>t^T©*i i o o 
•ctirt) -efln&u sapafinxu ^itcc^s-Wias-cc 

h v ^-^JETF©®^. 3 5 0—550 *C©Sgffl, Jtf 

$ b < urn 5 o o •c-cm®tj;&g.<D&Wi*n h n & <* 

[0066] $#to?$ LA>38y5xiirtt. md& 
MM"*rj3 5 0-5 5 o 5£©i3ia. is;* ccjjn$i 

i^gOGPattTODiSt^tt^^^X^WrS. 
cn«. S$l 2 OGPaWSItt^ry^^^^-rST i 
-6 A 1 - 4 ViittgU-C*'35:'P<D(S]±r*-5 <) 
[0 067 ] #>-5>«<E>/8&-C-« > &ffi>}-©SSffl*:#il5t 
^**>Kt*©5^©«^=i-7--f ^jun.^ 

[0068] C ©HHJ©^3{P &ffl3£©fcS£>K:ff 
■5. t©{*Stt. igffl)t©#*&*aia££5£<* •£*©«:« 

r-s. s»ra«ixsnfc^^6fpi3snfc. c<omm<o 

^s*^^sn/cttsg©T-e©^fflfcRiS3nifc 
©-ciam*. 

[0069] C©^£tt, BS&iWte. IMr^ttRCfltiS 

emMftt^^xsrW-ra©-^ kmsp^. 
^R^««;«>t-- siMffl^u-k Wrin^u-K 

^S«^U-hS^ffe©^ffl^ :^C^^l/-7'. 
fflBft^S. 55£AX«i>». *-f>k jf 
-. ^-^^-^-'J-F^R^ffe©^,';- K^&C/ 

fe>-*-. setting, k • ^-e-t'-stf*^- ^ 
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[0 07 0] 

[ftffi] COlWKISMSfflWttt ( i ) ^* 
(i i) ^10~2 0wt%©-t^*4Wfi 
25-50wt%(D-^i, ( i i i > ffi^CCti. #J 
2 0 w t % £ r©i?Jl/3- -5 A <b *>6*»WtC^fi£3 n 

L/d£. ^»!RU f g»3«:*3/c»){*?g©JSAfPffl{C < i:0^ 
10 *rt(c#tt*S^«jS?4&<j*#14©-Y*>*fttBL/«c 

[007 1] 

fcfc, #&l8ttCttCc,fc-?TKg5£<**iSk© 
[0072] ^lacc J:4££©*«Jtt3:. rfrlS5ft-5 

&s i o o-cjmT*su«^-©©Hr) trassiL. mum 
xu ^ijitcss$rwT. +^B#ra ; &*WT; •*< 

h^>1fXtiT©iaST-&#«:^*li5«)5. 7k 

*s*g-c*-5>. e^©*ti£{c<fc 

^©^. ^e*siS< 5itt^©ffit,^. *^Bj{cJ:i^<& 

[007 3] £xK/^^ 

30 **{*©fflSS{C@SL. jJl»R*«»*i*/<A^'*(*:, jfoSE 

tf. 04 «^ju^*(**w^5ft^a<)^^tt©-'^i'^ 

S^4SWAti52 -z»©^ n ? h 4gtf 2 o©7 ^ > 
4 0 4 £ Wt £ l*3SP 'J > ^ 4 0 2 3 *a/dStfc©^ 
■?i»^4 0 O^tf. 

[0074] C©^';l/^©SKUl$ljaia5«. 2 -3©B§it£R 
«©SKSi54 0 5?:g^ jS#SI^^T5^(C^# 
$ti-Ct>-S. .C*ie>©*S#S*tt;- rtSPV>^4 0 2© 
40 7-5^^4 0 4tcg:wfc?L*Si.>{i^ay KcK^L. 
C©fL% 1 8 0S©He©ffiHl^-C@l£3^*C<h*s-C 

4{Cm-r{4gK:4)0. 'W^ttifJSfcb-C lfllS[tt±SP3&> 

[0075] btcifiiX. immf&tlUDfflSlMtfrrj: 
0©asb*?f6^l/, c©SP^{CifflM»{gA«cj:*^*i 
^€»CC. SttSlKaiSlJi L-C©3RS«Si54 0 5© 
50 ^Rffitt. ^;U^*(**lF*?85U>^4 0 2tcaB3eL.. 2 
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^S«-r^>o *ti?ti<D<bm^)\'7te. T i - Nb-Z 
^6, <fc9S#<E>S:it (S^*T) KJ:fttf, jfiL^cDSS 

* c <b * m &± -r* tnffiVi<D7mvi$> z 

[0076] KM*W7ti+ BBR*S^ttS* 

J;?)8UT i -Nb-Z r^SMo< O/c^ 

ffltfico-tz^h • 5?*-F* :**A~tM x>.X, 
•xF9-X 4 F hP- * * • *— AS^tt'W 

[0077 ] ALC«/^ffflB)gi 
jit? VJlfCDi&^T'^ vis* uxoessi^-^-^ffiffl 

-r&<t, n-^-o^^'j^- 1 o^igfsi/, ^n^cj; 

• ^C(Dl4^Su^«:@j^t^«:Sb<o 134 F 30 
Ml 6©-€-n^n<DJSW3:, ^yW--^"U-H8 

[007 8] ^fflJCD^O^CD^t/ Vt- • ^l/--F 1 8 
jHL**.#>^ffiIB'l 4CC^T^> B PJB* 

JcWjS-r^flB©^*--- ^u-h 1-8 

sir 1 2 «csr ii z «jfli?s«:«fi4 u 

[0079] yr>t--^i/-htt, a — -7-taCl 

occcfcofgsbu -etii!S^^ccj:n«. «3ooo 

^-taC 1 0£6[g]3ET£^#£>£o iBfin-5>-£ 
[0 08 0] t<DJ:5K. D-^fcO, *$<£tf*cD*aC so 
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U gf£2 0i2*g2 2**l§TStf>:/- yX;W2 
fcD, -^cd^>7*- yX;b2<D3t®fc*> Ti-Nb-Z 

[008 1 ] @6«^^^<D^^k*^W^ISO« 
B§»t®S~C£>£o CCD'CmtClttft&S 0 . 5 2^, 
^>7*M-^-3 4^(^S5 0, 5 2QPd]CC;ftfiE 

^mbAn-rs. mi*. ^^-34d^>j3->te 

CCjJDffU 2/.U n->tt*^2 2KjtPbi£tf<!:, aj^l* 

ri&3BUifiL*K*^3 0©^6, ;£fa3 6k:|tg#TffiU 

0 2cc^r^^^e^<D{4igK:^^, si^-r^^r 

ft3 8#>6^3 2 (CjtH}K*i«r. 3R^W**>^3.4 

[0082] :x**^©tf )R>&fiia)l8Si-«:ao 
TteO. iiSf. K0E<D;m^Tte. 10000^6130 

ooRPMrfTEibu i^co^rsj-c^sooo^^soo 
mr^m.W}^iyy'3 4( l cmmr^mM<D&&iit. wit 

b-Z r.^to< ?>n^C<b(CckO, ffiiiSfc D ntC4dW 

zmmzm^-rz* zzicmwi o. 4i, 42, 4 

3, 4 4R^4 5(t JfllfKitta^Sb, Wi..Ti 

-Nb-zr^ro< v jmt<mm&zm±.2&. 

€> 0 ccDJr^w:, <M84>5*3&5 0; 5 2 4>$/c. Ti- 
Nb-Z r^fero<^CiCC<tO, ifll^CD^fiS;?:^ 

[008 3] 07«^'J-^7>K- ^V^7^^A 
X^8a©WrffiH"C* 9 . C <D^^AX^E8«^e- ^ -*r 

MIOOps iOttE^UDitr, T^^*x-*-5 
8COttfflaa6?:^b, 7^f^-f-5 8B^v^ 
^--^U-^OfclEttTSo ^Vt--^U-h 
6 0«. Dl»tt*^-rS^-/ + 7 7A6 2^CfP«0. Jta. 
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TITS. 3<5>«C. TAHCDfieffl*(C«. KJSTS^T'J 

[0 08 4] C©«fcMC. 3fe£AI&W*T i -Nb- 
Zr^to< SOftSfffTC**. L/TT i - N b — 
Zr££tt?g<. ligft&SrWU UoJ^Wr*:? 
— fw^^iSl/. tl-iY • * 7^»i-$ 
-5 8. #>?"©¥7iS3L 4fetJ& 10 

2fclDOJ:5«: t Ti-Nb-ZrM-CO<5. 
fttCB. 4>ia©^S- ? >^7 0 ©F>9g?M6 6 . 6 8 ttifi 
tmmc&f&?Z. C<D£llc> ^islsVl 0£T i 

[0 08 5] 08. 9«^6 0 0 OfrhtfiZ 0 0 0 RP 

t-r. PBK8 6T#i$tu s**j<b$tt«re-*y-f-ir 

7 A-CBSl 0 H tfM 8 2 . 8 4 ©ctyC ffl Liitf . 

M8 2©*K??L-jMf<»:. ^-<1'7^A8 8ttIftHU 

>bm<D&rtl 9 2 ©^"CJ^SS b . C ©£RS#> 6 jMffi^Jf L 

75A9oan». 9 4 a** < & «3 MS. 

£5&£AI>l>»£i£bCtf. ffiEE©ZJfE*lB. ;K8ttK©*S 
H5 ; &W-r-5 2fi[S©4^i-<©lHl^^l'7 , l 0 0K<fcD 

2. 1 0 4©*£iSiI-C[HlKU 'WrM 0 0 iX'J- 30 
7-©PS©SMM«S^t-S. 3 6(C|5I^-?;U7' 1 0 0 B 
>"-;H 0 6{CCtL--C|5ISL, is-fcteXUJiAr-fl 0 
0 t ©P^l ©SMffi*^«-T -5 C £ *i?9J$ ti *. 
[008 6] T*-*!- X'bmWZZm/TV*j< K^AI 
'I>M©8Bd d d©0 < o*»'t*. ^ffeDiKJ: 9S?i£-r S C <t# 
•C*-5. t©<fc5.fc. ®*€-r£ia<£tf> !K>^8 o©iisa 
^□°d«. T i -Nb -Z r^r-C#r*s«3. ®{bL- 

4. ^6(c, o o-e©fe©i. x >;-y© 

iH3->-;H06B. Ti-Nb-Zrt-cm 40 
O . MS. £ ©H«J&*3cg LJfilt£«>]&l?$6@©^Jfigtfe£ 

[0 0 8 7 ] 0 1 2#>6 1 5tC7jVT. Jrfa-fy (Nova 

ft--^-H 26, 1 2 8(C{*g-T-5>e-A • X 
•7"';>^1 2 2. 1 2 4^LtlW-%SSVl/ 

✓■r F&flli 2 o#-?i,>t<,>*. tr-A • ^^«;>^{c 
g«Sttfcx*;t^-tt. ^U- h©BiKW*3l«jK§E 
ftL-r, -5\mL*m-irZ>*)-v>? l 3 0(t;*j**n*.*. jfii 

1 3 OBtf 'JSUiSO • M'-r*v-©20©B 50 
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{C^*n-CC>.5^JH!!©=l'A*»e > ^S. M&Wv? 

i3oa. ^^©/^^ytur&ti^nfgitK© 

TJl/5-0A©';>i/l 3 2©tp-C3t^P>tlTt».5>. Jfil 

isssAP i 3 2 t&tmn i 3 4«. ^^^>y©«K® 

[008 8] SSeAPI 32. ifclHPl 3 4B. 'Wisls 

S* 5 6Jf5fiS?nrc^. i£AP. «EtHPB^©4>j&a©s 
a©ffl^-c-ct/c3^©AP. foumow?**?* 

>7-©P@M«:S#-r-5. Ji<>^©PSS«. *>:/©jgH 
K*5t>r*y*^rs^5i-ss©^fflK:tt-,-ci^„ c© 

SB. 2o©y uv-Y F&«. 2-3©@S©?-*>S3© 
tr-A • ^yj>f, fc.fctfTJUS-^AKS^tttft® 

*pe>ft-?-ct,>s. cne>^ss?©si5n a oB-r^T. jm«© 

Ttt. ^^©fcT-A • .X^y>y?&T i -Nb-Z 
r^tCHX0Sx.5©r*5„ ^-©S:^(*«itBWbb 

[0 08 9] sj*=i—mz, v\ss-( K©S:it«:fct,» 

ffi-T-5*«J «^X^5 3-5 5^-^ (19 9 1 ^11 
Ti-Nb-Z.rM-CtS-Clst. ®{b0. IS 

r. *<*«:*foriiHl4*5*0jfli?gK:*fr-5a=w14*s* 
0. C©e«fc*^j:^^®<ti5:i. .3 6(C@f«<!:^iL/ 

^m<mmm^miicmmmtutcT i - n b - z r # 

[0090] »KtVflMK«R (EMH) ^^ffl©^ 
tL/rffifflTS. C-t»6<M>ffiCB; 5?t-lf».*-7. 

*>S. ^-M-fhO^f-A-CB, 2*©^*-^© 

rtot^^iic;. ot-3*iias«:5:A-r*jo. 2 
*©^^-^ifc«:. *f*«:J1-fi'J^6^iai//cifajg^ 
>7'(c«E*a.&. slO^BTffiaJtcigKiU. g^il>Ba©2t 

.c^*^ifii«©l£#i(4. c©ifii?gB. fk^wtcflnxo 

fc^©iffl«l*e>o< o^2 5 S ';©ABl^g*^U-C 
jJOT'tCttA'J-ri. 

[0091] jfiLS?B^^D>^rao/c!i<y>u$> 
^-h^-( ho-ratcsw.^n/csm^-if-tcjro. 
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oJj^tt?:WT h U 0 U * >K© ^ a tcss-r 

£ o ^^^^^ i m^-r^xL. ftASKtfStKU y>f 
t7 7A^ffiffin. #>7©fEIttK. M^^yccER 

[0 09 2] *»5Btcj:ti«,-^-h^^ h©#>^© 
fca - f -f > ^iJSbfcT i - N b - Z r ^tr * fc 10 

-Nb-Zr^ti©^it5CimS. 
[009 3] ^^-e^^-7B$«tBo*itK©fieffl«: 

«8«WfT *j B*SI?3 6-4 3^ (199 1 
*£7£) . 1 9 90^1^ A D n a gip D ^ (FDA) 20 

M * *©S/*?-2a?BJ^Ift*tT-5 C t&tii&Ltc. zl 

[0094] ra^lOOjJi, *^*-fcr * 7 
t\f?*jl/#VKirh. l o Ott. nftlsXt 

fc. e©£9*im©XKKJ:9. y-r-tf**-7K 

03 0, 3 l*90UC&Q9BkL'1tiS<{ F • 7-f ^©S 

6*T i -Nb -Z rd*tt»fcar 1 4 2**U ^ 
IfliWbL/cri-f--/ -yi 4 2"*soi>T-*$9, 40 

*ifrr»*#*4. *M F • 9 ^ ifc^ 
n»*ifflltt©***y— ^JH 4 6 J: 0« 
£U H2 0KlHBia*7n"rJ:9«: % gSt/C^^X© 

tfl>ft?©5'-* l 4 8«:ifc#rr&o 

[0 09 6] C©^-X©*©;tf-f F * 9-f+ttttP4 
bT<D9)ttti%l 4 4*raK.T*9* »^CC«t KCl» 50 
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««T i - N b - Z r AAtt** TC^i C t #»* 

rcn^:&s4acc<fc4Swii*^or 

[0 09 7] ^-xy-^fciOfSfifflU- F«/-te> 

If- 

^-^^-^-teJ:^©^©^^ 1 ;- F«*. 
*y~*-©y-F**H»M-*-rf FhP-»*tt*rd 
to l > < o*>©3?*tC» JS S*vCl>a. 
[0 09 8] cne>©Sit©OiO«rH2 1 , 2 2tCBg 

@iutm*r. ^-x^-*-©y-Fai©**«. ft 

*ffJ(Ctt, MP 3 5 N Rft h ? 

rr #fe+*«cKtt-r **««©»» i 5 2£WT£ e 

C©^{* 1 5 2 fiF**©«7^+-©a»*6 , C 

*n«en©affli©iaatto. iss«*6 

0. 20$»JtM. **15 2lt 3&l§1*fe©Sgfl3ig 
^©Sx-* 1 5 ^-*-*r-;*7-©y-F 
»©*»gl>#f* 15 0tt ±K&Mft 2 . 2$'j^3 

[0 09 9] ^-XX.-^-tCtt, 'W*X£SCC2I£- 
TS/c«S)©Sffi«:«iLfcgr-l©«t.. iC«W«C««TS 
2 ©«****. JW©««W*EI2 3*C5* 

■r. ett&B#cccn6 2o©ig« 1 «awB©#y , >H'> 
o^t^'tsbn, c©*+ sr^«.. 

©*ftm?9*ESjtr <5/ca&, ^^©*s«ttt©* y - 

X#££S<b*Bfcl>T v *-©y-* F «©*.<* 

[oioo] WiB©lBi^T»wi/fc<fc 5*c. waiStf*^ 
©^-;*©«J5&». .ft*W«:ttsK.y.«>u*:>tt, 

<b^«««-^©T*«*»)t?tt<- A BiHSefbtCiirSSfS 

[0101] 02 3&C7jVf<*^ -**9!CCj:-ti«. A 
IB©4*« 1 5 7 y^SftSiM 

[0 102]3-f^>^ a/*©ftgT©ISfbfc<fc 
0, T i -Nb -Z r©£4t<Cj:9/lV3*S0. -1*»6 

>j^«cj:*«fbfcJ:9IISrr4»*r«*. 

*©Ti -Nb -Z r ^omW&Z^t&ffi&itUtc. 

T.i -Nb-z T^<omm(cw^^m^ms>^ 



C15) 



27 



pVD&tc<fc»)tt«-r set Ch^sf 
-r?-u-f©3-?w>^-C(i. JS$tt2 0S*a>$ 

[0 1 0 3 ] ffJia-Cs££U/c<fc -5 (C. U-f©3 

3. Hfifs-Sf 1 5 2«. *— ©tf^-aSHtttB 
$©■7 4 ^-^-©BtBl/fcT i -Nb 

i -N b - Z r #£©£IS 7 -^-©fitj§ft£ft>ir*-S 

-^>-*-©u- k*(* i 5 o-zmwtifR 8 nrus 

y-FfllC!>#>2. 3— 3 5';**<J0. 2 5';~15';CC 
$y-rSt <t*i-C#S„ #IH!S© ij- Kgt 20 

C0105] X g^> F (Stents) 

12 1 4 «. HA YV4*r\ 64 ©MSc&SSpJIifc-fe ?V > 
h 1 6 2©^(cfigrSfi£5gnJfi8^^7 1 -> H60. 

{IL^«tB$-C©85!ISH-C*S. C©*^>Hi» T 
i -Nb - Z r -&&fr*>m±LX htl. fU$#-r-T-JU© 

[0106] ^T-^h*^ ga&sns^ttrt©?^- 

•/ttig^l 6 5 (fci^.^jfil'g) ©-fe^V > F©4Jt?iE 30 
U><^c*££fh 6 2«fc£3gU -entCfcO 

7.7->h 1 6 Ottllttfil 6 GOtCZZ-cmmiCft 
®J^fcz3i8*i. ■e-n«:#t^f i > r 1 6 0©*fgP*M± 

©©;^iffl^ (rciArt/^-T'cbarb) cia^-n ) &fa 

tHMSas&IE.* ft. 014 (C^T<fc 5 fC. JfllSffl^^fS 
> r 1 6 0 £IEL < aSTS. 3a>t*4U$ 1 6 

•2>. ^g-^^jS-^-e©^©^ h ©loffl & & fcT i 
-Nb-Z r-£££flH>Tfr*>*l£. 40 
[0107] (Grafts) 

si 2«. jM«±«:^ffl-r-5^:ifS-c*o-c. «e>nfc 

fi*^»-7^©T i -Nb-Z r -7-^1 7 2TfEe>ft 
fc. ^^^-^©Jfiie^tt^l 7 0©ffl(115S©f^ 
ftX^v^-Cfc*. ia^L./ii^ffl>T-»T i - Nb-Zr 

[0108] C©^ffijt«v i&^lt^vX&ttmkfrT 
^fi£^frt?©T i -Nb-Z r^^P>fP-SCit-C* 50 
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8 <=>«:. £&^1£^E&J^©MB£&#**;teB{> 
[0 10 9] ffflgjfc^g 

016il7tt, ^iffliSiiC«-r 'Ja->'< v * 3 
0 0©fflJ{C^mtt'7^ + 3 2 0 (ft§5Wftfc©W:?*- 

300 £g*f*ffltti&*&*^-r„ -en^rttcfesi & 

(C. ®S%a-{^3 4 0(cS^ , ;-F'7-f-V'3 2 0«# 
ttCDtt^fitf (tfatSrllEiJ) . -€-Lr«SISS3 6 0* 

[0 1 1 0] *%01(CJ:tiiX. »;-F7-fir3 2 o«. 

t i -Nb-z r^<ommiSL^r3 5orf^?>n. 
L-C01 7«:&7^urg¥U<*-rJ;5tc. tt#&©«rv 

m?L\tmmy.tef&m&<D*f4 j r*:> FS<K©^s-ca[ 

SSftTU*. C©3— f ^ >^«'J-F , 7-Y1'?:^fB 
©##jffl«i©^8«J^S4^6mmWtCiffi^L'> 
^•ctigtfc^fc.fc^tc. »;— F©f*& 

-©zi-^^^^^BST-St, tffyv-#|$*K:#J« 

[oiii] mitztxtcmm 

^ij>^ffli©ia*3-f^ >#Lxjkb * ^e© 

Wg^WPVic*). XlitS^^SOtSS^ffl^rSi^© 
[0 112] ^ffl)t±©#D><kStl7cXt*«R^>*-^ 
^•©ffi*^©'CMfil'^ffl>t©Sai!a5©raCC*3W 

mmbstc &fikm<t2titcmffi< l czi-7-4i'#L-c. 

[0113] *^tctEig©jf* o^mmitmmm 
«. @stcwi/-ccn6©'fflniws!=j— f-4 >y«e< 

[0 1 1 4] T i -Nb-Z r-£t£&®K$m<omm 



29 

tr- A^a^^as* *>-^xs^rtrM?a-ctf ton 

>^|gg"C. IKev <DM8MS.fr . 
[0 1 1 5 ] my •fJl'AKB, cCM^MSSStCiot: 

i-Nb-Zr ^&gSt^.©lg7 a )V J*(Dttm*&.m? 
[0116] ^Jto.e^ffiK-©T i-Nb-Zr -^ft® 

* Sl®@i £ 3 6 K j&4> 0 5 S § effl^EWH^ 

coii7] ctih<Dv 4 KM** #f*sx*.kmm&m 

©) ©J5j£a>€>£jj£l/. mfrUt^WL^fS.-r^. #9 
m (B) . H 3 BO J XBB,0,^EH ; f:4>lfo , gi|£ffi>m 

[ 0 1 1 8 3 H, BO^gejHrt^-XAtt. g^© 
i£tp-C©H J ?<D->- h=SrSt,^©±(CSatC^ 7-f F£tt 
5 £ . ©#H «itt©HM»*ttft« »K <t 0 332 3 

ccc^fc^ifiigtE^^ttK-oT^r©^ X&M 

*4ttln«i@S<J; S3. ttflKHMU. i*£«JSt:RtfgHK© 
[01193 ?£-0A£#k$fc&?#};&«Jt©S«£ 
^>H®K»t,T©Jg:ftWt4£<r>5l$fi£«>^ ^l/Tt' 

^j8&ttft#ttg^4>^-c<,=.fci>. -r^to*. c© 

e&imm-Sfc (EI3 0~-3 4) . SSf*3*g (02 6^-2 
7 ) . ffiaiSMfii (S3 1 ) . SMi&ffltf. ^PioyM 
fS (02 5 ) 3?©ftS?K:1$CCWB§-C&*. 
O^RI© (015) tt*K#g&2 4 0 <bjB#SB2 5 0 S: 

[0 1 203 XE#Si52 4 Ott. *JE8#K:tt#T£fc«> 
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©±*12 4 4i. Hg5«®%««-r£MSi.6:2 4 2£ 
^*f. 85^52 5 0«> lf<-^2 5 2?:It±K7 
•?>h-r-5>/c«>©±*ft2 5 4?rfeoI^-X2 5 2 
£$tf . Jg# □ 2 5 6 BE#-^ - * 2 5 2 ©HSPCC v 9 
>H$ni5©fi:i&p]^-&m2 5 8*WT*. EfN52 

5 6 tiii^. w®is#^p ( tc i * tfiSis^fi* x ^ 

U» -Cff^nr^S^. E# / <-^2 5 2 iAii#S5 

2 4 0«^JirtiJ*'CI,^. 

[01213 #3693«> ±Jfc©^*~ 1 5A-~*? , -s; 

io ^^^.^^^©M^-^t^iiw^a^-r*. 
[o 1223 ^aa^{c*sw-5fc©femcc^ffl3tisgs 

^«R©/c«f)©SfS0l^5'-'^A^« ( 1 ) fel 
0~20wt%©^^. X«#J3 5~5 0wt%©^- 
*7t (2) 61WK2 0 w t JdStO^a-^A* 

ig©^l*. -^•#W74wt%©^^-^Atr=ESES 
»iU CtX=&*{C^l 3wt%©^JUn-'?ASCJ c l 

3 w t^©—* £ -*§©?• A ££5&ft 

20 ^^-y»iNf5£©it$-C??*r*<?:*«^©3* 

[0 1 2 3 3 cnjyn©7c^w^«:«to3'<!:^jja3n 

^** ! 8}<tL--c#ffir-5>fss[©s(i??£EU'C4>m< . -en 
6©3«5Ji^K:tt^S! (^£-ft) -fui>zte.m>x£j&? 

Z>W£<Db<DtTZ>. #»tt©*>^^©«fc i 5^5t«S , J 
(^-^.-^©IblSWfic^tt^e^^^^ (#j9 0GP 
30 a«fcO/jN) *^L;<SJ»3n)tcl»fiS{C^@[=S:5Sc#U. 
(3- h-5>1?-X C/3-transus: SS^/8) 

[0 1 243 ±^L./cCitcS-5*. *BBJ©*S*«fe 
S&gl©^ ^ >©lfcs£#s 5 0 w t % «t K) < * K) # 2> C i 
«W6*>t?*S. €-tx{c4>ra*>6-r, C*v^©^-#«* 

4. /ci jt.tJHf ? 2 O w t %©»3i'? 

At4 5«t«0-*.^ -€-1/ rfil^tcS 5wt%©?- 

40 [0 1 2 5 3 ^iSKii: 03l«»3Srfe^WK:i!!^S nfc^ 
^a. ^«Mt»iL/rx«*©flfc©fflj^{cfie«r^s 
wnt-fc. ^t^ntis^tceoo-oso-ctcjjn 

^3*Ki fit * 5 ^©-^*^i-r £ cc ttJftiwr 
50 ttt*. #SJ&. ^to«:»S t/ < tclSjo. s -10i«. 
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oo*c, s?£t<tt#)5 0 o*c$-cwjjn8rr&. 

[0126] C©*£ffiK-tm£C©figCC#)0. 
25-2 0B$R8. S?£b<tiSS2~8KJ|g. «fc9S?$L>< 

ii*5j6^ra^rs. ttfs^fbtnftffta^i&K.t&c 

700MPa (S?£0<«#J8 0 OMPa) €riSx.S9l 

{0127] *fc rfi^-ti^^xj ii^ffliftc. #j 
*5^-r. (x«. fficc*>^#ssjjo;*ft;fc<!;# 

«CC07C^) «/3-tB££5£<b-rSfl&S* J *S. [Wet 
[0128] -^tt. Om.^F5&& 

^©fflfiEfSfc^rS. C©«fc "5 ^fSB©^*?^* 1 

f>©»*b«,>-^^<Dffi^55H{i. iftl0~2 0wt% 

[0129]f3l 3 w t%©-*:7'£^tf? 1 5'>^ 
tt. i^8^"S^<D-^^^tJfc©K:*tiST-5. -T 
fcto^T i -l3Nb-UZr ia*y>7XO 

* £ >-&&m]&V)*i0ktt &© <t ^-5> ^ . a^©«t 5 

[0130] i ^-^Oit^liSfSOlg*^^ 7 Xttfll* 

A©Jt**ifr2 0 w t *)1&< R-oc tifim 'W»W 
^ftJ:9iS^J:b^&£fc#flrc*-2>„ ^Un-^ 
Mta-~R.ua -©^©tKD^^^^^S^b-C^ 
*4>©-C&35#. *^Bj©^^©^jfe^a-b^?ril< 
T-scttci^e -S^bSfli o-c^£*©i£??8E<£K:?? 

s-rsc tec j: oTfjurr So 
[0131] h«c. ^ft^^a©^^-^ 

(**O©-ett<fc0 fc3 5wt%Wl») «-££i£©^ 
•*><:<!:«*. l*fcfe©*i^7X£ 

h?>tf*i&£ (fct JtW»8 7 5*C*-C) t?#>2 0# 




7) «g|¥6-2338 1 1 
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scarab l t «> £ * . 
[0132] (3 -ta^©g:s©/c*©Egw^H^-«. s 

*>Jc?c#&B$|lfl©£>t,>/cs d>fc< ±i>&to& -ffc&SS 
(T i - 1 3 Z r - 1 3Nb©^tt«7 2 8-C> tc& 
T5Cit*4. ££©£ -«^©^£&tf#iPtt. ^ 

«©i6isc/^?Ltt^iitem©«E^<o. -eja-en©^* 

[0 133] /3- h5>-***ffi*rJjfl&L-€-©J:5& 

Si&rfln&flnxsr-rs-^-c. ^©*SB#*>-r^-c£ 

JJ»Wi ^-S/cfeCClJ^Tli^t*. i ^5 c £ * 
iEg-f'** *X> ££»<3tB^©5S:£ft^&& 
L,«tjBSI^<bgy£©&£-C. fi- h-7>tJ-*iSKJ:9 

<gi>#ji o o - c<bi.:>5(£ifi-e&u -eur cwes-cjra 

x) im 6*xS©r*5. /3- h7>-9-^jaffii£T©«S 

20 Wfca + iSflWI&'Mi. 

[ 0 1 3 4 ] fln&flnXli. C © a + (3 ^{C^t/c* <k 

rtforfcA<. -€-Lrc©^U"F©igS. fc<t^.« 

^■CfcJ:^^ St»SL/^ 5 T i - 1'3-Zr - 1 3Nb« 
^©/3- h^l'-y-XUm*. ft7 2 8'C-C*5. C©^ 

«:. ^jS©/c«>«:JnifeU-Cfc<i:i^ ifBJW^tfFB©® 
srfcm** 5 . ^6 o o r c<tosi>iagTtt. -s&ofc 

30 [0135] ^#*^«finXL. HatL,X«®jSO'rHlT 

n-5fit*©^ffi©fs]nfc*fflt^c<h*i-cts. 

[oi36 ] ■£mmn&<mmm\i&mT&* s . * 
timet z.ix&mmwzm.&.Ti fc©©#ts-t>^ ■* ^ 
u>*^^/c^®tc*t.-ri^^ii«!i!itv-,ytffe©ffi^ 

40 P>feM* o^-c*>?>^. C©ii^-«. *®«v {b3££j& 
al^^XlJT-^ X-7^ffi*ffit»r««©^^ 

[0137] *-&t»«. JtEST-C^m. KSS 

{bxts^^b or. bsjbs n/c^fe© i ©*§sf 

50 ©i£t«cj:oT£-r£C*ifc©3--^.<>^«. i^ 1 0 



33 



10 



-?©&?»». ^@{c@S3ti-r*J»). 0 
>^ti. fcl/^£**fc£At*l&^l^^©*®£k'? 

[ o 1 3 8 ] w < . ffig&-r**ffl3-r. £jt£f£©*& 

&B<D 9 A > F SSIU©^ a - ? -f > ttStS 

3. T&fc^. a-CJ^/^SttHP 302717 Al 

R?/#PauS59- 85i ; -7- 5 iJ)V T 

■mYzrZV. 43655 P.S& 1 0 1 gfCfetS* 0 ) . Ctx 

[0139] S 6(C. C©£Ei^£«> &ffi3ffl* i Wl.& 

4 * >;g«>T"£S<K© *>©«:&-* rgs-f tr * e £ **t? # 
^iBjtjy? ^tc^a©*®*^* 5 . -e©siE 
«&o.i uo&zicmitztiz. *msiA 

©7->< 'J *7#rFttiI8DS832735-*t (1992^2 ^ 7 BWI&) 

ttlE*S©«i: 5 (c. rt§P®{btc J: r> X b$kWmtW& 

[0140] *mi<D'£&-tPb<'thi-i2>&UKtit> &TI 
1i1«3*^©#cD^^gK «t o . &«««:.*;&©#*&» 

liO-^n-T-.Y >^il/-Cffl«3n5. -€-©«fc5fc£- 

2 5 o-c*ffi^.-5iaSK:^fiDt*«-rsc* 

Ti-t3Zr-i3Nb (ommm&mm l±ie<t> 0 
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I * LZ-gts. 

[0141] **>££©&«Wttfttt. «^at^ 
#> e> £ 0 -2. HfWft 8H*£fi-£ -?-©fte©^^H^© 
fc©(t*U<^bU5.5. f&fr*s. £?L1±&a£tt# 
TZtc&lCffil&Otc&t. T i - 13Z r - 13N b ^<fiJt 
£#J8 7 5'C (Xttg- h^>l7-*iag*iffi3./cMffi> 

-C2 o~4o#sjjds&u tmrnicfts 0 0'C 

CC#J6 0l^ra^aJL-C8l«ie<)14S«r«oC<!:*s»SL 

[0142] «T©*ii^t*±jS©»W*ilW©*flH* 
g4^-r-S^:«)©4>©-C. *^4r^S-r^^©-Ct*fe 

fi^m©^j£i&gtti^3tts^4>©£i&£3 
[0143] m&m 1 

~V&*Sts-£&&. 8 2 5~8 7 5*C©iaS©ffl 
rjra&a-'j>y (a-^-gtfb) U 1 4mm©J53 

■C8 7 5*C«cWW»U -^©SK«C2 0^o/c^ 7K 

T i - 6 A 1 -V©$5}1 0 0 0'Ct<h^-Xm 2 
^©^(3«®5rfe^iC5©^I5S 
Sn. ^*P3n/cT i - Z r - N b.^-^tSScWtt^* 

[0 144] 
[SI] 



20 



tSLtzhcr)') 

P «y 7 O s-JUC 

[0 14 5] S!*Sfll2 

HJSffdl«:*Jl,>r»n^iKiaiLS6K:^illb/cT i-Zr 
5 0 0'C-C6^ttl^l/-C»fi£$-&5. 



710 

476 WPa. 

26% 

62 GPa 



18—19 

C ©3fefiS L 7c^©&*S£Jt4»*ai 2 (C;*T. 
[0146] 
[^2] 



C19) 13BW6-2 33 8 1 1 

35 36 
500* C iz G®f?M&it8.Ltz}$W Ti-L3Zr-13Hb &&omWb&n 

Sl'Jggiffi 917 Wa. 

mX&m 796 APa 

torn 13% 

76. 6 GPa 

u> y >i c mm #329 

* 6 3<D-9->^U*>P.)jSS— gf& 5 0 0-C-C6 maim. 

[0148] 
[H3] 



[0147] nmm3 

e- x-c&s L > y'* 8 7 5 *c icnto 



t'-XftSISU 875" C lcMJm*lL*?£Lfc Ti-l3Zr-13Nb CDfilfritt 



(tiffin 



664 WV 
465 VPn 

20% 
46% 



900 fcfet : 
795 Aft 

4% 
9% 



61. 8 GPa 

L^Lfc 5 loc^D^i. ^K 

[0 1 4 9 ] HS60O4 40 
*^CDT i -13Z r -UNb-^CDJitS^i^^X. 

#©-ett6*Jt©i,fct>©£H 2 s^ia 3 icgmr s. 

Al.O, S£XZ rO.tt-fevS ? *%3I*>U — C/ 



74. 7 GPa 

■2.. *^IS©T i -13Z r -l3Nb^«^-C^tU 
^JitS^^i^X^rfeon^Ct (02) . <t<o— -ft 

-c«isjb$k:. mo&mtttmLizfrxiz'ztiZQbBi 
i^4'^-3ti,»4c£ (03 ) 
[0150] $mws 

T i -18Z r - 6 N b ©1f ^^Ufc^LT^LtS^JS 

^©&. mo/^M 8 7 5 -era 

*>%<3- K7>X^*^*jSA5®mc|«*U * 

te-r-s. *©«t5«:^fiiL//c^<ott«*^4{cjs-r„ 

*l>TMf>^*4 5 0*C{C3B#raSifiSL-C^X I- U 
•e-<Dite**>^4K:^r. HJfi«3©T i -13Z r -13N 

t*ttl»#. **bT i -6A i -4V©-€-ttJ:9kig<,». 
3£>(CT i -18Z r-6Nb^BT i - 6 A 1 - 4V 
©#J1 0 0 O'Cttt^Zttol 6 0'C£C>5Jt©fcJ{gC> 

[0151] 
[«4] 



C20) *fPiJ¥6-2 33 8 1 1 

37 38 

T i -18Zr-6Nb<5$ftSftHEff 

\OHf&& G59 Wi 733 W^a 

g[ 870 870 

ffi^£J> 2670 2870 

#t££ 85.2 GPa 86.8 GPa 

[0 152]&&©-:*:/^<fc9^&C>7c«>iC. 5# =MB/3 - h ^>tfXfr£7k#Xtt?£iPU 5 0 0'C. 4 5 

jfi#&jSfl?«. ®5*t4*^^7 XCD«J§^tCD/t:*tcSS [0154] ^JfeW7 

L*>U i^=>~^A©??£tt. Sitt*^*^ Ti ^l3Zr-l3Nb<D«Bfifi*80 0 , CRtfB80 , C 

[0 1 5 3 ] [0 15 5] 

T i -13Z r -lBNbRtfT i -i«Z r - 6 Nb©isS 20 [S5] 



ffiitfiKCC) : 


800 


800 


680 


680 


800« 






* 


mm 




?K 




785 


765 


852 


762 


691 


»«3SS(IPa) 


592 


518 


700 


512 


444 




21 


23 


18 


27 


28 




72 


60 


72 


73 


72 


*>;7'35 (GPa) . 


84 


66 


85 


72 


60 


WS. (.W JVC) 


20 


26 


27 


25 







Sii&Ct^ UfcT i -13N b -13Z r (^OUS : 1 * "To 

9nm) 6HKSA&3 5 0 — 6 0 O'CtCl.S ^6B$HflJftJ5S [0156] 



aaaatrc) : 


800 


[SB]- 
800 


800 


800 


JRjftBKCC) 


500 


450 


350 


350 




6 


1.5 


6 


1.5 


£S®5l5§3SK(MPa) 


775 


810 


872 


882 




651 


625 


641 


639 




23 


20 


18 


17 


ffiStt'JXK) 


74 


70 


60 


59 


+ (GPa) 


86 


84 


88 


87 
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[0 158] 



C2D 



^¥6-2 3 38 1 1 
40 





800 


800 


800 


800 


800 


800 


800 


680 


680 


680 




3 


1 


2 


2 


3 


2 


2 


1 


1 


1 




500 


500 


500 


500 


500 


450 


400 


500 


450 


400 


mm® (b*h> 


0.5 


1.2 


2 


4 


6 


2 


4.3 


2 


2 


2 


3£fS©3l5I&J& (MPa) 


983 


1036 


985 


999 


1027 


978 


994 


983 


1082 


1063 


mimm (MPa) 


854 


912 


872 


865 


916 


831 


831 


852 


859 


852 




11 


11 


12 


14 


12 


10 


9 


15 


10 


10 


mm&'p (%) 


41 


41 


48 


48 


43 


37 


27 


61 


35 


33 


*>7m (CPa) 


75 


80 


81 


81 


82 


74 


74 


88 


88 


84 




36 


32 


33 


33 


31 


32 


36 


32 


35 


36 



1 . 1 -*«©<K6S»»lc©*#» 

3-3 oo-r^T©aita»a(c©**» 



>m7 4-9 0GPa©il«:«lfl/tl^. 
[0159] Hi£#l8 . 

TS^^^r^POfci^OT i -13Z r - 13N b <£> 



S^iC^) 3^6<D*?ftLfcl 9mm©*il>E8IO-y- 
[0160] 

[as] 



C22) 
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^¥6-2 338 1 1 
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CO 

r- 

CO 
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CO 


o 

CO 










Q 


s 

CO 


CO 
CO 


CO 


CM 


CO 

r- 


o 
o 
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o 
o 


CO 




I** 
CO 
CO 


LO 
CO 


<=> 


CO 
CM 


CM 










CL 


o 


CO 


CO 


LO 
CM 














CO 
CO 


CO 

t— 




CO 




oo 


CO 


o 

LO 


CM 


. as 


LO 

oo 

CO 


CO 

oo 


CO 


£ 












a. 


CO 

o 


o 

CO 
CO 


CO 


CO 
CO 


CO 












CO 
CO 


oo 

LO 


CSJ 


CM 


o 
r— 


o>. 




<=> 


uo 

CZ> 




eg 
oo 


LO 
F- 


CM 


LO 


CO 


<=> 
oo 


oo 


C3 
LO 




oo 


co 














CO 
CO 


o 




o 

CO 


p 

SI 
9$ 


4b 

m 
m 


P 

eg 


*• 

s 
ar 


BSl 

© 
-4 


s 

© 

MS 
ft? 


/ — s. 

& 

IB 


3? 

* 


m 

& 


CO 

» 

A 
4 s - 



mm 



©ee 

I I I 



5JE 

*© 
«12* 



ffi©^ 
iWOV 

SQ6 

bJ^q££oo 
III 

— CM CO 



CM 



[0161] 40 
[»0] 



SStfW CO 


800 


800 


800 


CO 


500 


500 


500 




1 


2 


3 




953 


960 


1.017 




802 


811 


898 


# A (%) 


14 


11 


12 


amp (%) 


50 


44 


42 




"73 


73 


82 



a: t>{5jft*> manbote. 

[0 162] 

50 SSi2.5-f>^-CiSSl4^>^©-fey>h*. r-f 



C23) 



6-2338 1 1 
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44 
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jg&S-CfF-^cT i -13Z r -i3Nb©-f v 
WO ±9. ^©^"U-h* 1 0 0 0-CC3 -f >*©J1;* 
(CflDESilU 1 1 0 0XT1 5-3 0#F.3ggSfCT~ 
-tlT900Xm. 3 5^>fO. 

Jjp|ftn-';>^L.ra.04-f >^©aJ*J5$<k-L. 
[0 163] 

[«io] 
(T/1/-IO 

3tao?i*Siap (mp a) 786+o 

PM*?** (MPa) 53B±12 

#a (%) 21 ±0 

E»«iJ? («) 51 ±5 

+ ViT*(GPa) 74±3 
gS (d^-Ji^.C) 24.6±2.0 

[0164] *&Aiau Hi. jto,»-e 

■S, **fiXIS«. 7*1 — h%l.5-5Wn5 00 
•C*T*n*l (BtilfefiS;) UfcC»-C 5 0 0 'C-C 6 B$P^^fi£^- 

[0165] 

[Rl 1 ] 

c/u-n 30 

SfcS^lfci&S (MPb) 786 ±0 

(MPa) 533+12 
#Bt («) 21 ±0 

+ >{T*(GPa) 74±3 
g£ (D^f x^.C) 24.6+20 

Siiii 2 *Jfcftft-*-*it*. *^p-fe*c!>fcii>tc*tf[ 
[0166] H&fll 1 0 

fi3 5 4-OfrfiS14-Y>f©«*. T-?mkX 
ft-itcT i -13Z r - 13N b © -f 9 til 

U 8 7 5°Crl]iE@3iL.'C5.4 -f^^atSibl 0 
5 0'C-C3^Pa^,T>--'J>5 f b. ^t,»-C8 0 0*C 
-C|5]|^jil / -C2.5 -f>?-©iaS<kL/. 7 50*C"C|5]S 

-<>?■©. &ffct»e>2#g>©Ji<* t-r*. 

S><h-9b;te&£9 2 5 XKfMD&U @<£5!Attl/t 1 
»(=>*lfcT i -13Z r -13N b©tg©««05t£Htt 



*©«fc5t?*S. 
[0167] 
t*l 2] 
(1$) 

*S<D3I9UMK (MP a) 
(MP a) 

(96) 

(GPa) 



722±9 
463 ±10 

26+0 

66+2 

79±9 

24+2.7 



[0168] jgtSMab*»bfc^?r. #i»-ctfc*»&ira 

©*C>/c. tttXSn.5 ~5B*IB*>Wt:5 0 o*c*-c» 
* «CJTO O . /Xt»"C 5 0 0 *Ct? 6 B3Rg£|Sa&fiES:tT£t 

20 [0169] 
[« 1 3 3 

[5001CtwS5tT©gjS^ra (l^ffl) 2.5) 

^iO^M(MPa) 1008±6 

K«SiE(MPa) 881 ±13 

<*& («) 1°± 3 

SttMd> («) 32±14 

ty^(GPa) 82.4±2.3 

W& ( o 9 *J x A. C) 31. 5±0. 6 

[01703*12tl3 fcikK-Tfttf . &Jj£«i b3**GS; 
^a*^©MSt t,-a§©3&&i«£tt«l/ < *9*bT 

cwm^'tpe^^sJiiefcsetSi/^slFiS^©© 
H« * u - j» l tcjz *> tt&wowmtnfttpfr 6>s&i» 

[0171] 

[&W©$8:£] ■C©*W«c^4ESffl#fflW'Wv ( i ) 
(i i)«-l0>2 0w.t«oi*^*4l> 
tt#j2 5~5 OwtKOi^t. ( i i i ) ffiSCt 
«. #tj2 Ow t%$'C©S?Jl'3— ^Ai^t^SWK:*! 

«fc 0 S c »ttiHEtil fcSti© 4 * > *M«H 

oeci». *fc. **>£££teJBL-ci>5©-c. tftcifi 

[01] • K • *W2<DlZ 9 ttit— A • 

/^^-©isawbUftiH-r* 

[02] ?4*9 • ^^©ffiBfrfbUfciat?**. 



40 



SO 



C24) 



6-2338 1 1 



45 



46 



$>*>. 

[04] iSS4f r -/^i'*4t>W-fe>b -2/ji-F, «£>5 
[05] ^>^Jl^-7W/1f->X/3Mi8:i1-©AI 

^sa©^f*©B§0r$>s. 

[06] :i*A^©Al4>l&©£&©B80-r*>*. 
[07] * V-Tv^F • i"Ji 7 >/;>^tt(DA 10 
Xfc£i©ffl80-C*>*. 

[08] r*y*M&wmmx/Tv** foaxom 

©£{*©»rffi£jn:-<r8g0-C&*. 

[09] f^t^*C«|!W/7t:^^ 
©^©Kffifc^WJMaT'* £ 0 

[010] 4>Siifi8b&E©IE®0-C*S. 

[011] >l>^fflif0J^g©IEM0r&£. 

[012] ^ii^c^JlBSSOffifiS^^ftSJJl^ 
|g>t©SS0-C**. • 

[013] m m< jfc«®8P^©*{ci3s-r*a«i^5B 20 

[0 1 4 ] jfl 1 g©*"CDie!gCCjllSS^5BbooS>i^^ 

[015] isMo>*p-QW&\stc*7-> F^-TBS0-C* 

[016] «S. ES. a^Jl-ttOMfofcfc-olWH 1 © 
^ » ^£7F^iifflS&l&£ff©$l£©Bg0r <fc 

[017] ie^©i£AKffi0-c*s„ 

[018] ^^^©le^iW^oM^'a^-r^*'?- 

-•rJUTAi. 30 
[019] a»iS©^©g|5^Kffl©BS0r*5. 
[02 0] ^©»S©fi£A»rM0r**„ 
[02 1 ] #VV\sZ^<D*l>*-*ffi7Ltc'&3m.ffi(D'<. 

-*.X-27-©|Bgl©Bg0TN&S„ 
[02 2 ] U* >©#;<- £{§;i?cfikfc&$l5©-< 

-*y-#-©EaS©Bg0-C&.5>„ * 



[02 3] ^is*><D*}J*-*:ffix.icGt$&.ffi<D^ 
- X J - *> -©Ei©©Bg0-C& Z> . 
[02 4] *^(CJ;5T i -Nb-ZrCi-xy- 

{025] ^i>^~j^<omsBoM^<Dmmt:$) 
[026] iag?i-f4©tesic4ot»r«ffl-r*K^^w 

HMO? F©Mffi0-C<&*. 
[02 7 ] 02 6«r9 OS@S£l/ft:0r*-5. 
[02 8] f^f$fc#ffit^ia©-mK®*^-riEE0-C 

[02 9] 02 8©¥®0-C*&. 
[03 0 ] h*@3Tr£f^lWfc*lD£^-$- 
BS0-C*>4o 

[03 1] EffiBa$©-^»ffl£^-riE®0-C&£o 

[03 2] WSP«C@^-T^/cib©RaW^#ffl7-U- F 
©S»#»iffi 3 &jK-rfflffi0-C& £ . 

[03 3 ] 03 lCtTjVrJ^&EE&eSB^SWfcfc&K: 

t g±SU©?L«c@#-r Dffl© 6 -rxDHtm 
■*\ 9 OSIelKUfc03 2©«*(*-C*4 <> 

[034] @3 3©9C.-9C©^©iffii-CftS. 

[fHKDSftHJ] 

2 0 dOTlf 
22 «f 

3 4 Xls-?*:-* 

5 0. 5 2 5K>7^S 

7 0 j*>^ 

1 4 2 zi-f-<># 

144 rf-TKtf-f+iJiMWS- 

14 5- *VF-7^ + 

146 2/-5r-7\iU 

150 y-F*» 

152 m^mt* 

1 6 0 V 

172-7-/,+' 

300 i";=J->A„?- 
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[04] 



17] 



^¥6-2 33 8 1 1 



[018] [02 1] 




[03 1 J 



C28) 

[1332] 



[ 



9C 
I 



(5l)Int.Cl 
A6 1 M 
A6 1 F 
A6 1 L 



1A0 
2/28 
33/00 



9361- 4C 
Z 7167- 4C 



F I 



(72)^# Tisv h tr— ^ vis* ^7 

TSV tj^m. 38015 ^> 

T^h 127 — > 'Jr^ 
F^-Y^ 6915 



T^V^^S, 38XL5 X> 

3227 



